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IN THE UNITED STATES ELECTED OFFICE 
OF THE UNITED STATES PATENT AND TRADEMARK OFFICE 
UNDER THE PATENT COOPERATION TREATY-CHAPTER II 

" PRELIMINARY AMENDMENT " 

APPLICANT: Hans-Detlef GROEGER et al. 

SERIAL NO.: EXAMINER: 
FILING DATE: ART UNIT: 

INTERNATIONAL APPLICATION NO.: PCT/EP99/0763 1 
INTERNATIONAL FILING DATE: 12 October 1 999 

INVENTION: ELECTRONIC CONTROL DEVICE COMPRISING A 

PARALLEL DATABUS, AND A METHOD FOR 
OPERATING THE CONTROL DEVICE 

Hon. Assistant Commissioner for Patents 
BoxPCT 
Washington D.C. 20231 

SIR: 

Amend the above-identified international application before entry into the 
national stage before the U.S. Patent & Trademark Office under 35 U.S.C. §371 
as follows: 

IN THE SPECIFICATION 

Amend the specification as follows: 

SPECIFICATION 
TITLE 
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ELECTRONIC CONTROL DEVICE WITH A PARALLEL D ATABUS AND A 
METHOD FOR THE OPERATION OF THE CONTROL DEVICE 

BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present invention is directed to a control device with a parallel databus 

and to a method for the operation of the control device, 
p The invention is particularly directed to an electronic control device that 

■ - must process a large data stream such as, for example, a control device for editing 

print data for a high-performance printer, 
rj 1 0 Description of the Related Art 

A control device called an "SRA controller" (SRA: Scalable Raster 
7t Architecture) is described in the publication "Das Druckbuch — Technik und 

Technologie der Hochleistungsdrucker von Oce Printing Systems GmbH — 
Dracktechnologien", Edition 3c, May 1998, ISBN 3-00-001 01 9-X. 
15 The structure of this known control device is schematically shown in 

Figure 1 . Such a control device 1 comprises an I/O module 2, one or more raster 
modules 3 and a serializer module 4. The individual modules 2 through 4 are 
connected to one another via a parallel databus 5. The raster modules 3 and the 
serializer module 4 are connected to one another via a further pixel bus 6. A high- 
2 0 performance printer 7 is connected to the serializer module 4. 
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The I/O module receives the print information from a computer device that 
can be a large computer system or a computer network as well. The print 
information is forwarded from the I/O module 2 to the raster modules 3 and the 
serializer module 4, whereby the raster modules 3 receive the print image 
5 information and convert it into a print image data stream that can be processed by 
the high-performance printer 7. These print image data streams are transmitted 
from the raster modules 3 via the pixel bus 6 to the serializer module 4, which 
forwards the data streams queued in a specific sequence and to the high- 
performance printer 7. 

1 0 For example, the databus is a Multibus II (Multibus is a registered 

trademark of Intel Corp.). The Multibus II is a synchronized bus that is defined 
in IEEE Standard for a High-Performance Synchronous 32-Bit Bus: MULTIBUS 
II, The Institute of Electrical and Electronics Engineers, Inc., 345 East 47th Street, 
NY 10017, USA, 1988. Below, the "MULTIBUS IP is simply referred to as 

15 "multibus". 

The modules 2 through 4 of the control device 1 are respectively provided 
with a processor. An inter-processor communication ensues with a message 
transfer given systems based on the multibus, whereby messages with data 
packets having a predetermined length are communicated for the transfer of data. 

2 0 There are two kinds of these messages given the multibus, namely what 



are referred to as unsolicited messages and solicited messages. The unsolicited 
messages can be view as "intelligent interrupts", whereby up to 255 interrupt 
sources (the number of valid addresses) can send an unsolicited message. 28 
bytes of status information can be transmitted with an unsolicited message. 

The properties of an unsolicited message are that their arrival cannot be 
predicted by the receiver, whereby the transmission modalities (transmission rate, 
data quantity, ...) are first negotiated with unsolicited messages (buffer request 
message, buffer grant message and buffer reject message). 

A data transfer from the I/O module 2 to the raster modules 3 via the 
databus 5 is shown in a flowchart in Figure 2. The actions that occur at the I/O 
module are thereby shown at the left side, and the actions that are executed at the 
raster module 3 are shown at the right side. 

In step SI, the I/O module 2 sends a message to the raster module 3 that 
data are present. This message is generated by the processor of the I/O module. In 
response thereto, the raster module sends a corresponding message in step S2 if it 
needs data. This message is triggered by the processor of the raster module 2. 
When the I/O module 2 has received this message, the processor programs a 
DMA controller of the I/O module to send the requested data to the raster module 
and sends a buffer request message to the raster module (step S3). When the 
raster module can accept these data, its processor programs a DMA controller for 
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the reception of the data and sends a buffer grant message to the I/O module (step 
S4). 

The "negotiations" are ended with the reception of the buffer grant 
message by the I/O module, and the I/O module sends a data message containing 
5 a data packet to the raster module (step S5). Such a data message is transmitted 
until all data have been communicated to the raster module, whereby this is 
checked in a step S6. 

When all data have been sent to the raster module, then the data transfer is 
ended (S7). 

1 0 The steps S2 through S6 form a solicited message (broken-line frame), 

whereby the negotiation (S2 through S4) with which the data are requested is 
implemented with unsolicited messages. The individual messages of the steps S2 
through S4 are respectively generated by the processors of the modules 2, 3. 
The above-described interprocessor communication with a message 

1 5 transfer is described under the heading "Message Passing" in the publication by F. 
Mayer et al., "Message Passing-Protokolle in einem verteilten heterogenen 
Multibus-II-Mehrrechnersystem" Automatisierungstechnische Praxis -- ATP DE, 
Oldenburg Verlag, Munich, Volume 37, No. 12, pages 42-44, 46-50, 
XP000542307, ISSN: 0178-2320. 

2 0 Published PCT Patent Application WO-A-91/06058 discloses a memory 
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and data bank system for storing documents in the form of image data that 
comprises a memory processor unit connected to a databus that works according 
to the Multibus II protocol and, accordingly, implements the above-described 
method steps SI through S7 in the data transfer. This memory processor unit is 
5 provided with an ADMA controller that, following the negotiation phase (steps S2 
through S4), automatically implements the transmission of the messages (steps S5 
and S6). 

What are referred to as DMA controllers are known for controlling the 
read-in and output of memory signals. Their typical structure and functioning are 

1 0 described, for example, in the publication by Tietze, Schenk, "Halbleiter- 

Schaltungstechnik", Springer- Verlag (1985), pages 672-675. Typical applications 
and functions of DMA controllers are cited in the publication by Messmer, "PC- 
hardware", Addison- Wesley, 3rd Edition (1995), pages 515-516. 

German Patent Document DE-T2-38 52 378 discloses a mechanism and a 

1 5 method for opposite flow control in a bus system, whereby the bus system is 
controlled with a bus administrator. In this known bus system, specific bus 
messages are employed in order to inform a process executing on a bus unit about 
a result or about an unanticipated input of another bus unit. The bus unit that 
receives the message knows immediately to where the message must be 

2 0 forwarded, instead of having to derive where the message is to be forwarded from 



the sender. The uninterrupted process need not return to the sender of the 
message in order to determine what is to be done. Since this message contains a 
report about what is to be done, little time is wasted determining the reason for 
sending the message. 

A plurality of bus units can thus quickly addressed with this bus system 
and their processing status can be immediately modified. 

SUMMARY OF THE INVENTION 

The present invention provides a control device that comprises a parallel 
databus and a plurality of assemblies respectively provided with a processor that 
can communicate over the databus such that a large data stream can be more 
quickly and efficiently processed. The invention also provides a method for 
operating such a control device with which a large data stream can be simply and 
efficiently governed in the control device. 

In particular, the invention provides an electronic control device with a 
parallel databus and a plurality of assemblies connected to the databus that 
respectively include a processor, a memory device and a DMA controller and that 
are connected to the databus with a bus controller, data is transmitted between a 
transmitter assembly and a receiver assembly with messages, the bus controller of 
the transmitter assembly is fashioned such that, in response to a request message 
of the receiver assembly, it programs the DMA controller to read out data stored 
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in the memory device of the transmitter assembly and to send them to the receiver 
assembly, without making use of the processor of the transmitter assembly. 

In a preferred embodiment, the DMA controller is integrated into the bus 
controller of the transmitter assembly. The databus of one example is a data bus 
5 compatible with the MULTIBUS II. The receiver assembly may be a fail-safe 
counter for monitoring the message transfer that is restarted upon reception of a 
data message. 

The present invention also provides a method for operating an electronic 
device, where the electronic control device includes a parallel databus and a 

1 0 plurality of assemblies connected to the databus that are respectively provided 

with a processor and a memory device and are connected to the databus with a bus 
controller, whereby data are transmitted between a transmitter assembly and a 
receiver assembly with messages, and the receiver assembly initiates a data 
transfer by sending a request message to the transmitter module, and the bus 

15 controller of the transmitter assembly, without making use of the processor of the 
transmitter assembly, transmits data stored in the memory device of the 
transmitter assembly to the receiver assembly in response to the request message. 

Preferably, a control device as set forth in the foregoing is employed. In 
one embodiment, following the reception of a request message, the bus controller 

2 0 of the transmitter assembly sends a plurality of data messages respectively 
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containing a data packet to the receiver assembly. For example, information for 
programming a DMA controller arranged at the transmitter assembly for reading 
and sending the data stored in the memory device of the transmitter assembly are 
transmitted with the request message. A DMA controller arranged on the 
5 transmitter assembly may be programmed by the bus controller on the basis of 

data communicated with the request message, being program to read and transmit 
the data stored in the memory device of the transmitter assembly. The DMA 
controller arranged on the receiver assembly is programmed for the reception of 
the data with the transmission of the request message. In one embodiment, the 

1 0 data are transmitted with a plurality of messages that respectively contain a data 
packet. The transmitter assembly may include a buffer wherein an entry is 
provided for each assembly present in the control device, so that the parameters 
characterizing the data transfer are written into the respectively entry and stored 
during a data transfer and are erased after the conclusion of the data transfer. 

1 5 Specifically, upon reception of a request message, the bus controller of the 
transmitter assembly checks whether the entry of the buffer allocated to the 
assembly sending the request message is already written with data characterizing a 
data transfer in order to prevent two data transfers from being simultaneously 
initiated with the same receiver assembly. 

2 0 The invention also provides a control device for editing print data for a 



-10- 



high-performance printer, with the features set forth above whereby the 
transmitter assembly forms an I/O module and a plurality of receiver modules that 
respectively form a raster module are provided. 

The inventive electronic control device is provided with a parallel databus 
5 and a plurality of assemblies connected to the databus that respectively comprise a 
processor and a memory device and are connected to the databus bus with a bus 
controller, whereby data are transmitted between a transmitter assembly and a 
receiver assembly with messages. The invention is characterized in that the bus 
controller of the transmitter assembly is fashioned such that, without making use 

10 of the processor of the transmitter assembly, it reads data stored in the memory 

device of the transmitter assembly in response to a request message of the receiver 
assembly and transmits them to the receiver assembly. The receiver assembly 
thus triggers an automatic transmission of the data at the transmitter assembly on 
the basis of its request message. This leads to a considerable unburdening of the 

1 5 transmitter assembly since the data can be directly read with a DMA controller 

significantly faster and more efficiently, and the processor is not occupied long by 
such a data transmission. Moreover, the initially described "negotiation", which 
comprises three message transmissions given the traditional multibus (see Figure 
2), is reduced to the transmission of a single request message, as a result whereof 

2 0 a further simplification and acceleration of the transmission procedure is achieved. 
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The method for the operation of such an electronic control device is 
characterized in that the receiver assembly initiates a data transfer by sending the 
request message to the transmitter assembly, and the bus controller of the 
transmitter assembly, without making use of the processor of the transmitter 
5 assembly, reads data stored in the memory device of the transmitter assembly in 
response to the request message and transmits them to the receiver assembly. As 
a result thereof, a large data stream can be quickly and efficiently transmitted 
from the transmitter assembly to the receiver assembly, so that the control device 
can govern a large data stream. 

10 In a preferred embodiment of the invention, the data needed for 

programming a DMA controller arranged on the transmitter assembly are 
communicated from the receiver assembly to the transmitter assembly by means 
of the request message. With the request message, thus, the receiver assembly 
controls the data transmission from the transmitter assembly. 

1 5 With the inventive method, the individual receiver assemblies can 

independently and simultaneously fetch the data they want from the transmitter 
assembly. As a result of the automatic processing of the request messages in the 
transmitter assembly, this can make the data available very fast. The 
simplification of the transmission protocol effects a further speed-up of the 

2 0 transmission procedure. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
The invention is explained in greater detail below on the basis of an 
exemplary embodiment shown in the drawings. 

Figure 1 shows the fundamental structure of a control device for editing 
5 print data for a high-performance printer in a block circuit diagram; 

Figure 2 is a flowchart of a data transfer according to a transmission 
method known from the multibus; 

Figure 3 is a block diagram showing two assemblies connected via a 
databus; 

1 0 Figure 4 shows the inventive data transfer in a flowchart; 

Figure 5 shows the structure of a request message in a block circuit 
diagram; 

Figure 6 shows the structure of a data message in a block circuit diagram; 

and 

1 5 Figure 7 shows the structure of an entry in a buffer provided at the 

transmitter assembly in a block circuit diagram. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The present invention is explained on the basis of an exemplary 
embodiment of an electronic control device 1 for controlling a high-performance 
2 0 printer that has the same structure as the known control device shown in Figure 1 
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and that is provided with an I/O module 2, one or more raster modules 3 and a 
serializer module 4. The individual modules 2 through 4 are connected to one 
another via a parallel databus 5. The raster modules 3 and the serializer module 4 
are connected to one another via a further pixel bus 6. The high-performance 
5 printer 7 is connected to the serializer module 4. 

The databus 5 is a development of the multibus and is essentially 
compatible therewith. 

The modules 2 through 4 respectively represent an assembly 8 connected 
to the databus. Two such assemblies 8, namely the I/O module 2 and the raster 
1 0 module 3, are schematically shown in Figure 3. 

The assemblies 8 respectively comprise a bus controller 9 that are each 
provided with an internal DMA controller 10 integrated into the bus controller 9. 
The assemblies respectively have a processor 1 1 and memory devices 12 that are 
connected to one another and to the bus controller 9 with an internal computer bus 
15 13. The assemblies 8 comprise further elements such as, for example, 

components and lines for further interfaces and the like that, however, are not 
shown in Figure 3 for reasons of simplification. 

The inventive, automatic requested message transfer is explained below on 
the basis of the flowchart shown in Figure 4. The actions that occur at the I/O 
2 0 module 2 are thereby again shown at the left aside, and the actions that are 
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implemented at the raster module 3 are shown at the right side. 

During the step SI, the I/O module 2 sends a message to a raster module 3 
that data are present. This message is generated by the processor of the I/O 
module and corresponds to the step Si according to the known method shown in 
Figure 2. 

In response thereto, the raster module 3 checks in a step S8 whether it 
needs the data offered by the I/O module 2 and whether there is enough memory 
space for the acceptance of the data. This check is carried out by the processor 1 1 
of the raster module 3. 

When these data are not present, the processor 1 1 ~ in a step S9 — 
programs the DMA controller 10 in the bus controller 9 for the reception of a data 
packet and write a data request message into the bus controller 9. The data 
request message contains the address of the data in the memory of the I/o module 
2, the plurality of data bytes that are to be transmitted, and what is referred to as a 
duty cycle for the transmission of the requested messages. The duty cycle defines 
the spacing in which the requested messages are sent via the data bus 5. Over and 
above this, further data can also be contained in the data request message that 
define the respective data transfer in greater detail. The structure of this data 
request message is shown in Figure 5. The data request message represents an 
unsolicited message. The message type has the value 02H. 
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During the step S10, the bus controller 9 of the raster module 3 sends this 
data request message to the I/O module 2 via the databus 5. 

Based on the criterion of the data (address of the data in the memory of the 
I/O module, plurality of data bytes, duty cycle, etc.) contained in the data request 
5 message, the bus controller 9 of the I/O module 2 programs its DMA controller 10 
with the address and the number of bytes of a data message to be transmitted (step 
Sll). 

The structure of such a data message is shown in Figure 6. A data 
message comprises a source address and a destination address, whereby the 

1 0 occupancy of the data request message is valid therefor, so that the source address 
is the address of the receiver assembly and the destination address is the address 
of the transmitter assembly. Two types of data message are provided, namely the 
type 3CH and the type 3DH, whose significance shall be explained later. A data 
packet with 32 bytes (byte 0 through byte 31) can be transmitted with the data 

1 5 message shown in Figure 6. 

For sending the data message shown in Figure 6, the bus controller starts 
the DMA controller 10 in step S 12 and packs the data communicated from the 
DMA controller 10 to the bus controller 9 into a data packet. The data packet is 
transmitted from the I/O module 2 to the raster module 3 with a data message via 

2 0 the databus 5. 



A check is carried out in step S 13 as to whether all data have already been 
transmitted. When further data have to be transmitted, then the program runs 
returns to the step S 12, as a result whereof the next data message is transmitted. 
This procedure is repeated until all data have been transmitted in packets from the 
5 I/O module to the raster module. All of the data messages except the last data 

message that are thereby employed are of the type 3CH. The last data message is 
of the type 3DH. The data transfer has been ended with the transmission of all 
data packets (step S14). Due to the reception of the data message of the type 
3DH, an interrupt is triggered at the raster module 3 that indicates to the processor 

10 of the raster module 3 that the requested data transfer has been ended. A message 
to the processor of the I/O module 2 only ensues when an error has occurred in the 
transmission of the data. 

The steps S8 through S14 forms the automatic requested message transfer 
(broken-line frame). This automatically requested message transfer comprises 

1 5 only one unsolicited message, namely the data request message of the step S 10, 
and the solicited data messages of the step SI 4. Compared to the solicited 
messages of the known multibus, the number of unsolicited messages is reduced 
from 3 th 1 . A significant unburdening at the databus 5 is thereby achieved. 

A defined data quantity of, for example, 4 KB is transmitted with such an 

2 0 automatic requested message transfer. 
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A buffer is provided in the bus controller 9 of the I/O module 2 wherein 
the parameters of the automatically requested message transfers can be deposited. 
One entry is provided in this buffer for each assembly 8 that can function as 
receiver assembly 3. In the present exemplary embodiment, the buffer comprises 
5 21 entries. The parameters contained in the entries are (Figure 7): 

1 . source and destination address for the automatic requested message 
transfer, 

2. duty cycle for the data packets, 

3. DMA address of the data in the memory device, and 
10 4. plurality of data bytes. 

Upon reception of a request message, the bus controller 9 of the I/O 
module can check whether the entry of the buffer allocated to the raster module 3 
sending the request message is already described with data characterizing a data 
transfer. When the data of another automatically requested message transfer are 

1 5 already contained in the entry, an error message can be output and the request 
message can be rejected in order to prevent two message transfers from being 
simultaneously initiated with the same raster module. 

The bus controller 9 sees to it that the request messages are processed in 
the sequence of their arrival. This assures that each raster module has a turn. 

2 0 Given an occupied entry in the buffer or given an occupied input buffer 
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wherein the arriving messages are intermediately stored, the request message is 
rejected with the error message NACK. The request message is subsequently 
repeated until it can either be processed or the number of repetitions defined in the 
protocol has been reached. When the data messages cannot be received by the 
5 raster module 3, the error NACk is also output and they are repeated until they can 
be accepted or until the defined plurality of repetitions has been reached. 

When a raster module has initiated an automatic requested message 
transfer and sends further data request messages during its own transfer, then 
these messages are not transmitted. Instead, a transmit error is reported. Upon 

1 0 readout of the rejected unsolicited message from an error FIFO known by the 
multibus, a "no resource" bit is set. 

When a DMA error occurs during the reception of the data at the raster 
module 3, then a corresponding status bit is set in the DMA controller 10 of the 
bus controller 9 and the DMA controller ends the transfer on its own. When no 

1 5 immediate actions are triggered at the processor as a result thereof, then the 
following executive sequence derives: 

An internal buffer of the raster module 3 for the reception of the data 
messages fills up. The raster module therefore rejects further data messages. The 
bus controller of the I/O module repeats a rejected data message for a maximum 

2 0 of 127 times and then ends the data transfer on its own. The bus controller 9 of 
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the I/O module subsequently reports the situation to its processor. 

In addition, an internal fail-safe counter runs down at the raster module, 
this being always set to its start value by the reception of a data message. The 
rundown of the counter is communicated to the processor of the raster module, 
5 which subsequently implements an error recovery known from the multibus. 

In a preferred embodiment of the invention for accelerating the above 
executive sequence at the side of the raster module (the fail-safe counter runs 
down in approximately 2 seconds), the processor of the raster module can already 
react to the DMA error in that it stops the DMA reception channel of the transfer 

1 0 and communicates the end of the transfer via an unsolicited message to the I/O 

module. The stopping ensues at the I/O module by an erase instruction output by 
the bus controller to erase the corresponding DMA reception channel. 

When a DMA error occurs at the I/O module, the DMA channel is stopped 
by the internal executive sequencer — as in the case of an error at the raster 

15 module — and the corresponding status bits are set. Additionally, an unsolicited 
message is sent to the raster module, so that this stops the reception of the data 
message. Due to this message, the processor of the raster module forwards a stop 
instruction to the DMA controller and an erase instruction to the reception channel 
of the automatically requested message transfer. When the processor of the I/O 

2 o module does not react to the DMA error, then the aforementioned fail-safe counter 
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on the raster module runs down. Subsequently, the processor of the raster module 
must send an unsolicited message to the I/O module, so that the I/O module also 
ends the transfer. 

The aforementioned fail-safe counter of the raster module is provided for 
5 the reception of the data messages and is restarted every time after the reception 
q of a data message of the type 3CH. It runs down when no further data message is 

51 received within the time that has been set. In this case, the processor of the raster 

, 2 module stops the DMA channel in the bus controller and the reception channel of 

fy the automatically requested message transfer is erased. Additionally, an 

CI 1 0 unsolicited message is sent to the I/O module so that the I/O module can stop the 

!T! automatic requested message transfer. A stop instruction for the DMA channel of 

y, the I/o module is thereby not necessary since this is undertaken by the internal 

executive sequences of the bus controller. 

A running, automatic requested message transfer at the raster module can 
15 be aborted with an erase instruction at the corresponding reception channel The 
instruction takes immediate effect. All data messages arriving thereafter are 
rejected by the bus controller with an error message "transfer not understood" that 
is known from the multibus. The termination of the reception channel of the 
DMA controller must likewise be implemented by the processor. 
2 0 A running, automatic requested message transfer is aborted or, 



respectively, arrested at the I/o module as a result of the following actions: 

a) An error has occurred at the databus. All errors come into consideration: 

• The repetition rate for a data message has reached the maximum 
value. 

• a bus error, bus timeout or an agent error occurred in the 
transmission of the data message. 

b) An error occurred in the DMA transmission. The following errors come 
into consideration: 

• parity error 

• page miss error 

• fatal error given a transfer via the internal computer bus (PCI bus). 

c) The processor aborts the running, automatic requested message transfer 
with a command. 

In cases a) and b), the automatic, requested message transfer is aborted by 
the internal controller of the bus controller due to the error. The internal 
controller reports the cause of the error by setting an ASOMERR bit in a message 
status register. When a corresponding interrupt is enabled in a message control 
register, then an interrupt is additionally generated. The processor of the I/O 
module can determine the cause of the error by reading out an ASOM status 
register allocated to the automatic, requested message transfer. Before an 
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automatic, requested message transfer can be resumed, the processor of the I/O 
module must output a corresponding command (ASOMGO). 

The processor cannot abort an running, automatic requested message 
transfer at any time (see c). Dependent on the command employed, the automatic 
5 requested message transfer is still completely implemented or is immediately 
interrupted. It must be taken into consideration in the latter case that the raster 
module is waiting for the further arrival of data messages, A corresponding 
message is therefore sent from the I/O module to the raster module given an 
interruption of an automatically requested message transfer. 
10 For logging the automatic requested message transfer, the following 

options can be established at the I/O module: 

1 . Each automatic requested message transfer is forwarded to the processor 
of the I/O module. Which assembly requested an automatic requested 
message transfer can thus be kept track of on the I/O module. 
15 2. A register is provided in the bus controller that contains the message ID of 
the assembly requesting the automatic requested message transfer. This 
register is set to the message ID at the beginning of the transfer and is in 
turn reset at the end. The register can be read out at any time by the 
processor. 

2 0 The invention has been set forth above on the basis of a control device for 



editing print data for a high-performance printer. The inventive control device is 
equally suited for any application wherein a large data stream must be processed. 
The I/O module, accordingly, can be considered in general as a transmitter 
assembly and the raster module can be considered as a receiver module, whereby 
the data are transmitted from the transmitter module to the receiver module. 

In the above-described exemplary embodiment, a databus is employed that 
is essentially compatible with the multibus. The invention, however, is not 
limited to this type of databus but can be designed for any parallel databus that is 
suitable for a multi-processor architecture. 

A DMA controller 10 integrated into the bus controller 9 is provided in the 
assemblies recited in the exemplary embodiment. 

In the framework of the invention, of course, the DMA controller 10 can 
also be arranged outside the bus controller 9 on the assembly. 

The above-described data messages respectively transmit a data packet of 
32 bytes. The size of these data packets can be varied as needed and, for example, 
comprise 64 or 128 bytes. The data quantity transferred with an automatic 
requested message transfer can be fixed to any desired size of, for example, 4 KB, 
8KB, 16 KB or the like. 

The invention can be summarized in brief in the following way: 
It is directed to an electronic control device with a parallel databus and a plurality 



-24- 



of assemblies connected to the databus. The assemblies respectively comprise a 
processor and a memory device and are connected to the databus with a bus 
controller. The data are transmitted between a transmitter assembly and a receiver 
assembly with messages. The data bus essentially corresponds to the 
MULTIBUS II. 

The invention is characterized in that the bus controller of the transmitter 
assembly is fashioned such that, without making use of the processor of the 
transmitter assembly, it reads data stored in the memory device of the transmitter 
assembly in response to a request message of the receiver assembly and sends 
them to the receiver assembly. 

As a result thereof, first, the processor of the transmitter assembly (I/O 
module) is relieved and, second, the communication between the transmitter 
assembly and the receiver assembly (raster module) can be significantly lowered 
and reduced to a single request message in the negotiation or, respectively, 
determination of the data transfer. The electronic control device is preferably 
fashioned for a control device for driving a high-performance printer. 

Although other modifications and changes may be suggested by those 
skilled in the art, it is the intention of the inventors to embody within the patent 
warranted hereon all changes and modifications as reasonably and properly come 
within the scope of their contribution to the art. 



IN THE CLAIMS 

We claim: 

1. (Amended) An electronic control device, comprising: 
a parallel databus; 

a plurality of assemblies connected to said parallel databus, said plurality of 
assemblies each including: 
a processor, 
a memory device; 
a DMA controller; 

a bus controller connecting said plurality of assemblies to said parallel databus 
such that data are transmitted between a transmitter assembly of said 
plurality of assemblies and a receiver assembly of said plurality of 
assemblies with messages, the bus controller of the transmitter assembly 
being fashioned such that the transmitter assembly programs the DMA 
controller to read out data stored in the memory device of the transmitter 
assembly and to send them to the receiver assembly in response to a 
request message of the receiver assembly without making use of the 
processor of the transmitter assembly. 

2.(Amended) An electronic control device according to claim 1, wherein 



the DMA controller is integrated into the bus controller of the transmitter 
assembly. 

3. (Amended) An electronic control device according to claim 1, wherein 
the databus is a data bus compatible with MULTIBUS II. 

4. (Amended) An electronic control device according to claim 1, wherein 
the receiver assembly includes a fail-safe counter for monitoring message transfer 
that is restarted upon reception of a data message. 

5. (Amended) A method for operating an electronic device, the electronic 
control device including a parallel databus and a plurality of assemblies connected 
to the databus that are respectively provided with a processor and a memory 
device and are connected to the databus with a bus controller, comprising the 
steps of: 

transmitting data between a transmitter assembly and a receiver assembly with 
messages; 

initiating a data transfer by sending a request message from the receiver assembly 

to the transmitter module; and 
transmitting data stored in the memory device of the transmitter assembly to the 
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receiver assembly in response to the request message without making use 
of the processor of the transmitter assembly from the bus controller of the 
transmitter assembly. 

6. (Amended) A method according to claim 5, further comprising the step 

5 of: 

utilizing a control device having 
a parallel databus; 

a plurality of assemblies connected to said parallel databus, said plurality 
of assemblies each including: 

0 a processor, 

a memory device; 
a DMA controller; 
a bus controller connecting said plurality of assemblies to said parallel 
databus such that data are transmitted between a transmitter 

* assembly of said plurality of assemblies and a receiver assembly of 

said plurality of assemblies with messages, the bus controller of the 
transmitter assembly being fashioned such that the transmitter 
assembly programs the DMA controller to read out data stored in 
the memory device of the transmitter assembly and to send them to 
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the receiver assembly in response to a request message of the 
receiver assembly without making use of the processor of the 
transmitter assembly. 

7. (Amended) A method according to claim 5, further comprising the step 

of: 

sending a plurality of data messages respectively containing a data packet to the 
receiver assembly from the bus controller of the transmitter assembly 
following reception of a request message. 

8. (Amended) A method according to claim 5, further comprising the step 

of: 

transmitting information for programming a DMA controller arranged at the 
transmitter assembly for reading and sending the data stored in the 
memory device of the transmitter assembly with the request message . 

9. (Amended) A method according to claim 5 5 further comprising the step 

of: 

programming a DMA controller arranged on the transmitter assembly by the bus 
controller on a basis of data communicated with the request message, 
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being programmed to read and transmit the data stored in the memory 
device of the transmitter assembly. 

10. (Amended) A method according to claim 5, further comprising the 
steps of: 

programming a DMA controller arranged on the receiver assembly for reception 
of the data with the transmission of the request message. 

1 1 . (Amended) A method according to claim 5, further comprising the 

step of: 

transmitting the data with a plurality of messages that respectively contain a data 
packet. 

12. (Amended) A method according to claim 5, further comprising the 

step of: 

providing an entry in a buffer of the transmitter is provided for each assembly 

present in the control device, so that the parameters characterizing the data 
transfer are written into the respectively entry and stored during a data 
transfer and are erased after the conclusion of the data transfer. 
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13. (Amended) A method according to claim 12, 

upon reception of a request message, checking by the bus controller of the 
transmitter assembly whether the entry of the buffer allocated to the 
assembly sending the request message is already written with data 
characterizing a data transfer in order to prevent two data transfers from 
being simultaneously initiated with the same receiver assembly. 

14. (Amended) A control device for editing print data for a high- 
performance printer, comprising; 

a parallel databus; 

a plurality of assemblies connected to said parallel databus, said plurality of 
assemblies each including: 
a processor, 
a memory device; 
a DMA controller; 

a bus controller connecting said plurality of assemblies to said parallel databus 
such that data are transmitted between a transmitter assembly of said 
plurality of assemblies and a receiver assembly of said plurality of 
assemblies with messages, the bus controller of the transmitter assembly 
being fashioned such that the transmitter assembly programs the DMA 
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controller to read out data stored in the memory device of the transmitter 
assembly and to send them to the receiver assembly in response to a 
request message of the receiver assembly without making use of the 
processor of the transmitter assembly the transmitter assembly forming an 
I/O module and a plurality of receiver modules that respectively form a 
raster module. 
IN THE ABSTRACT 

Add a new abstract as follows: 

ABSTRACT OF THE DISCLOSURE 
An electronic control device with a parallel databus and a plurality of 
assemblies connected to the databus. The assemblies each include a processor and 
a memory device and are connected to the databus with a bus controller. The data 
are transmitted between a transmitter assembly and a receiver assembly with 
messages. The data bus essentially corresponds to the MULTIBUS II. The bus 
controller of the transmitter assembly is fashioned such that, without making use 
of the processor of the transmitter assembly, it reads data stored in the memory 
device of the transmitter assembly in response to a request message of the receiver 
assembly and sends them to the receiver assembly. 
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RE MARKS 



The foregoing amendments to the specification and claims under Article 
41 of the Patent Cooperation Treaty place the application into a form for 
prosecution before the U.S. Patent and Trademark Office under 35 U.S.C. §371. 
Accordingly, entry of these amendments before examination on the merits is 
hereby requested. 



Respectfully submitted, 




l^felvin A. Robinson (reg. no. 31,870) 
Schiff Hardin & Waite 
Patent Department 
6600 Sears Tower 
Chicago, Illinois 60606 
Telephone: 312-258-5785 
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VERSION MARKED TO SHOW CHANGES 

The Specification has been amended as follows: 

SPECIFICATION 
TITLE 

5 ELECTRONIC CONTROL DEVICE WITH A PARALLEL DATABUS 

AND A METHOD FOR THE OPERATION OF THE CONTROL DEVICE 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention is directed to a control device with a parallel databus 
1 0 and to a method for the operation of the control device. 

The invention is particularly directed to an electronic control device that 
must process a large data stream such as, for example, a control device for editing 
print data for a high-performance printer. 
Description of the Related Art 
15 A control device called an "SRA controller" (SRA: Scalable Raster 

Architecture) is described in the publication "Das Druckbuch - Technik und 
Technologie der Hochleistungsdrucker von Oce Printing Systems GmbH - 
Drucktechnologien" , Edition 3c, May 1998, ISBN 3-00-001 01 9-X. 

The structure of this known control device is schematically shown in 
2 0 Figure 1 . Such a control device 1 comprises an I/O module 2, one or more raster 
modules 3 and a serializer module 4. The individual modules 2 through 4 are 



connected to one another via a parallel databus 5. The raster modules 3 and the 
serializer module 4 are connected to one another via a further pixel bus 6. A high- 
performance printer 7 is connected to the serializer module 4. 

The I/O module receives the print information from a computer device that 
can be a large computer system or a computer network as well. The print 
information is forwarded from the I/O module 2 to the raster modules 3 and the 
serializer module 4, whereby the raster modules 3 receive the print image 
information and convert it into a print image data stream that can be processed by 
the high-performance printer 7. These print image data streams are transmitted 
from the raster modules 3 via the pixel bus 6 to the serializer module 4, which 
forwards the data streams queued in a specific sequence and to the high- 
performance printer 7. 

For example, the databus is a Multibus II (Multibus is a registered 
trademark of Intel Corp.). The Multibus II is a synchronized bus that is defined 
in IEEE Standard for a High-Performance Synchronous 32-Bit Bus: MULTIBUS 
II, The Institute of Electrical and Electronics Engineers, Inc., 345 East 47 th Street, 
NY 10017, USA, 1988. Below, the "MULTIBUS II" is simply referred to as 
"multibus". 

The modules 2 through 4 of the control device 1 are respectively provided 
with a processor. An inter-processor communication ensues with a message 



transfer given systems based on the multibus, whereby messages with data 
packets having a predetermined length are communicated for the transfer of data. 

There are two kinds of these messages given the multibus, namely what 
are referred to as unsolicited messages and solicited messages. The unsolicited 
messages can be view as "intelligent interrupts", whereby up to 255 interrupt 
sources (the number of valid addresses) can send an unsolicited message. 28 
bytes of status information can be transmitted with an unsolicited message. 

The properties of an unsolicited message are that their arrival cannot be 
predicted by the receiver, whereby the transmission modalities (transmission rate, 
data quantity, ...) are first negotiated with unsolicited messages (buffer request 
message, buffer grant message and buffer reject message). 

A data transfer from the I/O module 2 to the raster modules 3 via the 
databus 5 is shown in a flowchart in Figure 2. The actions that occur at the I/O 
module are thereby shown at the left side, and the actions that are executed at the 
raster module 3 are shown at the right side. 

In step SI, the I/O module 2 sends a message to the raster module 3 that 
data are present. This message is generated by the processor of the I/O module. In 
response thereto, the raster module sends a corresponding message in step S2 if it 
needs data. This message is triggered by the processor of the raster module 2 [ 
fsie}]. When the I/O module 2 has received this message, the processor programs 



a DMA controller of the I/O module to send the requested data to the raster 
module and sends a buffer request message to the raster module (step S3). When 
the raster module can accept these data, its processor programs a DMA controller 
for the reception of the data and sends a buffer grant message to the I/O module 
(step S4). 

The "negotiations" are ended with the reception of the buffer grant 
message by the I/O module, and the I/O module sends a data message containing 
a data packet to the raster module (step S5). Such a data message is transmitted 
until all data have been communicated to the raster module, whereby this is 
checked in a step S6. 

When all data have been sent to the raster module, then the data transfer is 
ended (S7). 

The steps S2 through S6 form a solicited message (broken-line frame), 
whereby the negotiation (S2 through S4) with which the data are requested is 
implemented with unsolicited messages. The individual messages of the steps S2 
through S4 are respectively generated by the processors of the modules 2, 3. 

The above-described interprocessor communication with a message 
transfer is described under the heading "Message Passing" in the publication bv F. 
Mayer et al. 5 "Message Passing-Protokolle in einem verteilten heterogenen 
Multibus-II-Mehrrechnersystem" Automatisierungstechnische Praxis - ATP DE, 



Oldenburg Verlag, Munich, Volume 37, No. 12, pages 42-44, 46-50, 
XP000542307, ISSN: 0178-2320. 

Published P CT Patent App lication WO-A-91/06058 discloses a memory 
and data bank system for storing documents in the form of image data that 
comprises a memory processor unit connected to a databus that works according 
to the Multibus II protocol and, accordingly, implements the above-described 
method steps SI through S7 in the data transfer. This memory processor unit is 
provided with an ADMA controller that, following the negotiation phase (steps S2 
through S4), automatically implements the transmission of the messages (steps S5 
and S6). 

What are referred to as DMA controllers are known for controlling the 
read-in and output of memory signals. Their typical structure and functioning are 
described, for example, in the publication hv Tietze, Schenk, "Halbleiter- 
Schaltungstechnik", Springer-Verlag (1985), pages 672-675. Typical applications 
and functions of DMA controllers are cited in the publication bv Messmer, "PC- 
hardware", Addison-Wesley, 3rd Edition (1995), pages 515-516. 

German Patent Document DE-T2-38 52 378 discloses a mechanism and a 
method for opposite flow control in a bus system, whereby the bus system is 
controlled with a bus administrator. In this known bus system, specific bus 
messages are employed in order to inform a process executing on a bus unit about 
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a result or about an unanticipated input of another bus unit. The bus unit that 
receives the message knows immediately to where the message must be 
forwarded, instead of having to derive where the message is to be forwarded from 
the sender. The uninterrupted process need not return to the sender of the 
message in order to determine what is to be done. Since this message contains a 
report about what is to be done, little time is wasted determining the reason for 
sending the message. 

A plurality of bus units can thus quickly addressed with this bus system 
and their processing status can be immediately modified. 

SUMMARY OF THE INVENTION 
The present invention provides [ is based on the object of creating of 
developing [sic]] a control device that comprises a parallel databus and a plurality 
of assemblies respectively provided with a processor that can communicate over 
the databus such that a large data stream can be more quickly and efficiently 
processed. The [ Another object of the ] invention also provides [ is comprised in 
creating] a method for operating such a control device with which a large data 
stream can be simply and efficiently governed in the control device. 

In particular, the inventi on provides an electronic control device with a 
parallel databus and a plurality of assemblies connected to the databus that 
respectively include a processor, a memory device and a DMA controller and that 
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are connected to the d atabus with a bus controller, data is transmitted between a 
transmitter assembl y and a receiver assembly with messages, the bus controller of 
the transmitter asse mbly is fashioned such that, in response to a request message 
o f the receiver assembly, it programs the DMA controller to read out data stored 
in the memory device of the transmitter assembly and to send them to the receiver 
assembly, without m aking use of the processor of the transmitter assembly. 

In a preferred embodiment, the DMA controller is integrated into the bus 
controller of the tran smitter assembly. The databus of one example is a data bus 
compatible with the MU LTIBUS II. The receiver assembly mav be a fail-safe 
counter for monitoring the message transfer that is restarted upon reception of a 
data message. 

The present invention also provides a method for operating an electronic 
device, where the electr onic control device includes a parallel databus and a 
plurality of assemblies connected to the databus that are respectively p rovided 
with a processor and a memory device and are connected to the databus with a bus 
controller, whereby d ata are transmitted between a transmitter assembly and a 
receiver assembly with messages, and the receiver assembly initiates a data 
transfer by sending a r equest message to the transmitter module, and the bus 
controller of the trans mitter assembly, without making use of the processor of the 
transmitter assembly, transmits data stored in the memory device of the 
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t ransmitter assembly to the receiver assembly in response to the request message. 

Preferably, a control devi ce as set forth in the foregoing is employed. In 
one embodiment, following the r eception of a request message, the bus controller 
of the transmitter as sembly sends a plurality of data messages respectively 
containing a data p acket to the receiver assembly. For example, information for 
programming a DMA controller a rranged at the transmitter assembly for reading 
and sending the da ta stored in the memory device of the transmitter assembly are 
transmitted with the request message. A DMA controller arranged on the 
transmitter assembly may be programmed bv the bus controller on the basis of 
data communicated with the request message, being program to read and transmit 
the data stored in th e memory device of the transmitter assembly. The DMA 
controller arranged o n the receiver assembly is programmed for the reception of 
the data with the tra nsmission of the request message. In one embodiment, the 
data are transmitted w ith a plurality of messages that respectively contain a data 
packet. The transmitt er assembly may include a buffer wherein an entry is 
provided for each assembly presen t in the control device, so that the parameters 
characterizing the d ata transfer are written into the respectively entry and stored 
during a data transfer a nd are erased after the conclusion of the data transfer. 
Specifically, upon rece ption of a request message, the bus controller of the 
transmitter assembly ch ecks whether the entry of the buffer allocated to the 
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assembly sending the requ est message is already written with data characterizing a 
data transfer in order to p revent two data transfers from being simultaneously 
initiated with the same receiver assembly. 

The invention a lso provides a control device for editing print data for a 
5 high-performance prin ter, with the features set forth above whereby the 

transmitter assembly for ms an I/O module and a plurality of receiver modules that 
respectively form a raster module are provided. 

[ The object is achieved by a device having the features of claim 1 and by a 
method having the features of claim 6. Advantageous developments of th u 

10 invention arc recited in the subclaims. ] 

The inventive electronic control device is provided with a parallel databus 
and a plurality of assemblies connected to the databus that respectively comprise a 
processor and a memory device and are connected to the databus bus with a bus 
controller, whereby data are transmitted between a transmitter assembly and a 

1 5 receiver assembly with messages. The invention is characterized in that the bus 
controller of the transmitter assembly is fashioned such that, without making use 
of the processor of the transmitter assembly, it reads data stored in the memory 
device of the transmitter assembly in response to a request message of the receiver 
assembly and transmits them to the receiver assembly. The receiver assembly 

2 0 thus triggers an automatic transmission of the data at the transmitter assembly on 
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the basis of its request message. This leads to a considerable unburdening of the 
transmitter assembly since the data can be directly read with a DMA controller 
significantly faster and more efficiently, and the processor is not occupied long by 
such a data transmission. Moreover, the initially described "negotiation", which 
comprises three message transmissions given the traditional multibus (see Figure 
2), is reduced to the transmission of a single request message, as a result whereof 
a further simplification and acceleration of the transmission procedure is achieved. 

The method for the operation of such an electronic control device [ recited 
in claim 6 ] is characterized in that the receiver assembly initiates a data transfer 
by sending the request message to the transmitter assembly, and the bus controller 
of the transmitter assembly, without making use of the processor of the transmitter 
assembly, reads data stored in the memory device of the transmitter assembly in 
response to the request message and transmits them to the receiver assembly. As 
a result thereof, a large data stream can be quickly and efficiently transmitted 
from the transmitter assembly to the receiver assembly, so that the control device 
can govern a large data stream. 

In a preferred embodiment of the invention, the data needed for 
programming a DMA controller arranged on the transmitter assembly are 
communicated from the receiver assembly to the transmitter assembly by means 
of the request message. With the request message, thus, the receiver assembly 
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controls the data transmission from the transmitter assembly. 

With the inventive method, the individual receiver assemblies can 
independently and simultaneously fetch the data they want from the transmitter 
assembly. As a result of the automatic processing of the request messages in the 
transmitter assembly, this can make the data available very fast. The 
simplification of the transmission protocol effects a further speed-up of the 
transmission procedure. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The invention is explained in greater detail below on the basis of an 
exemplary embodiment shown in the drawings. [ Shown schematically arc: ] 

Figure 1 shows the fundamental structure of a control device for editing 
print data for a high-performance printer in a block circuit diagram; 

Figure 2 is a flowchart of a data transfer according to a transmission 
method known from the multibus; 

Figure 3 is a block diagram showing two assemblies connected via a 
databus; 

Figure 4 shows the inventive data transfer in a flowchart; 
Figure 5 shows the structure of a request message in a block circuit 
diagram; 

Figure 6 shows the structure of a data message in a block circuit diagram; 
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and 

Figure 7 shows the structure of an entry in a buffer provided at the 
transmitter assembly in a block circuit diagram. 

DETAILED DESCRI PTION OF THE PREFERRED EMBODIMENTS 

The present invention is explained on the basis of an exemplary 
embodiment of an electronic control device 1 for controlling a high-performance 
printer that has the same structure as the known control device shown in Figure 1 
and that is provided with an I/O module 2, one or more raster modules 3 and a 
serializer module 4. The individual modules 2 through 4 are connected to one 
another via a parallel databus 5. The raster modules 3 and the serializer module 4 
are connected to one another via a further pixel bus 6. The high-performance 
printer 7 is connected to the serializer module 4. 

The databus 5 is a development of the multibus and is essentially 
compatible therewith. 

The modules 2 through 4 respectively represent an assembly 8 connected 
to the databus. Two such assemblies [ assembly [sic] ] 8, namely the I/O module 2 
and the raster module 3 [ 4 [sic] ] ? are schematically shown in Figure 3. 

The assemblies 8 respectively comprise a bus controller 9 that are each 
[fsiej] provided with an internal DMA controller 10 integrated into the bus 
controller 9. The assemblies respectively have a processor 1 1 and memory 



devices 12 that are connected to one another and to the bus controller 9 with an 
internal computer bus 13. The assemblies 8 comprise further elements such as, 
for example, components and lines for further interfaces and the like that, 
however, are not shown in Figure 3 for reasons of simplification. 

The inventive, automatic requested message transfer is explained below on 
the basis of the flowchart shown in Figure 4. The actions that occur at the I/O 
module 2 are thereby again shown at the left aside, and the actions that are 
implemented at the raster module 3 are shown at the right side. 

During the step SI, the I/O module 2 sends a message to a raster module 3 
that data are present. This message is generated by the processor of the I/O 
module and corresponds to the step Si according to the known method shown in 
Figure 2. 

In response thereto, the raster module 3 checks in a step S8 whether it 
needs the data offered by the I/O module 2 and whether there is enough memory 
space for the acceptance of the data. This check is carried out by the processor 1 1 
of the raster module 3. 

When these data are not present, the processor 11 — in a step S9 — 
programs the DMA controller 10 in the bus controller 9 for the reception of a data 
packet and write a data request message into the bus controller 9. The data 
request message contains the address of the data in the memory of the I/o module 
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2, the plurality of data bytes that are to be transmitted, and what is referred to as a 
duty cycle for the transmission of the requested messages. The duty cycle defines 
the spacing in which the requested messages are sent via the data bus 5. Over and 
above this, further data can also be contained in the data request message that 
5 define the respective data transfer in greater detail. The structure of this data 
request message is shown in Figure 5. The data request message represents an 
unsolicited message. The message type has the value 02H. 

During the step S10, the bus controller 9 of the raster module 3 sends this 
data request message to the I/O module 2 via the databus 5. 

1 0 Based on the criterion of the data (address of the data in the memory of the 

I/O module, plurality of data bytes, duty cycle, etc.) contained in the data request 
message, the bus controller 9 of the I/O module 2 programs its DMA controller 10 
with the address and the number [ plurality ] of bytes of a data message to be 
transmitted (step Sll). 

1 5 The structure of such a data message is shown in Figure 6. A data 

message comprises a source address and a destination address, whereby the 
occupancy of the data request message is valid therefor, so that the source address 
is the address of the receiver assembly and the destination address is the address 
of the transmitter assembly. Two types of data message are provided, namely the 

2 0 type 3CH and the type 3DH, whose significance shall be explained later. A data 



packet with 32 bytes (byte 0 through byte 31) can be transmitted with the data 
message shown in Figure 6. 

For sending the data message shown in Figure 6, the bus controller starts 
the DMA controller 10 in step S12 and packs the data communicated from the 
DMA controller 1 0 to the bus controller 9 into a data packet. The data packet 
[ packets [sic] ] is transmitted from the I/O module 2 to the raster module 3 with a 
data message via the databus 5. 

A check is carried out in step SI 3 as to whether all data have already been 
transmitted. When further data have to be transmitted, then the program runs 
returns to the step S12, as a result whereof the next data message is transmitted. 
This procedure is repeated until all data have been transmitted in packets from the 
I/O module to the raster module. All of the data messages except the last data 
message that are thereby employed are of the type 3CH. The last data message is 
of the type 3DH. The [fee] data transfer has been ended with the transmission of 
all data packets (step S14). Due to the reception of the data message of the type 
3DH, an interrupt is triggered at the raster module 3 that indicates to the processor 
of the raster module 3 that the requested data transfer has been ended. A message 
to the processor of the I/O module 2 only ensues when an error has occurred in the 
transmission of the data. 

The steps S8 through S14 forms the automatic requested message transfer 
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(broken-line frame). This automatically requested message transfer comprises 
only one unsolicited message, namely the data request message of the step S10, 
and the solicited data messages of the step S14. Compared to the solicited 
messages of the known multibus, the number of unsolicited messages is reduced 
from 3 th 1. A significant unburdening at the databus 5 is thereby achieved. 

A defined data quantity of, for example, 4 KB is transmitted with such an 
automatic requested message transfer. 

A buffer is provided in the bus controller 9 of the I/O module 2 wherein 
the parameters of the automatically requested message transfers can be deposited. 
One entry is provided in this buffer for each assembly 8 that can function as 
receiver assembly 3. In the present exemplary embodiment, the buffer comprises 
21 entries. The parameters contained in the entries are (Figure 7): 

1 . source and destination address for the automatic requested message 
transfer, 

2. duty cycle for the data packets, 

3. DMA address of the data in the memory device, and 

4. plurality of data bytes. 

Upon reception of a request message, the bus controller 9 of the I/O 
module can check whether the entry of the buffer allocated to the raster module 3 
sending the request message is already described with data characterizing a data 
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transfer. When the data of another automatically requested message transfer are 
already contained in the entry, an error message can be output and the request 
message can be rejected in order to prevent two message transfers from being 
simultaneously initiated with the same raster module. 

The bus controller 9 sees to it that the request messages are processed in 
the sequence of their arrival. This assures that each raster module has a turn. 

Given an occupied entry in the buffer or given an occupied input buffer 
wherein the arriving messages are intermediately stored, the request message is 
rejected with the error message NACK. The request message is subsequently 
repeated until it can either be processed or the number of repetitions defined in the 
protocol has been reached. When the data messages cannot be received by the 
raster module 3, the error NACk is also output and they are repeated until they can 
be accepted or until the defined plurality of repetitions has been reached. 

When a raster module has initiated an automatic requested message 
transfer and sends further data request messages during its own transfer, then 
these messages are not transmitted. Instead, a transmit error is reported. Upon 
readout of the rejected unsolicited message from an error FIFO known by the 
multibus, a "no resource" bit is set. 

When a DMA error occurs during the reception of the data at the raster 
module 3, then a corresponding status bit is set in the DMA controller 10 of the 
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bus controller 9 and the DMA controller ends the transfer on its own. When no 
immediate actions are triggered at the processor as a result thereof, then the 
following executive sequence derives: 

An internal buffer of the raster module 3 for the reception of the data 
messages fills up. The raster module therefore rejects further data messages. The 
bus controller of the I/O module repeats a rejected data message for a maximum 
of 127 times and then ends the data transfer on its own. The bus controller 9 of 
the I/O module subsequently reports the situation to its processor. 

In addition, an internal fail-safe counter runs down at the raster module, 
this being always set to its start value by the reception of a data message. The 
rundown of the counter is communicated to the processor of the raster module, 
which subsequently implements an error recovery known from the multibus. 

In a preferred embodiment of the invention for accelerating the above 
executive sequence at the side of the raster module (the fail-safe counter runs 
down in approximately 2 seconds), the processor of the raster module can already 
react to the DMA error in that it stops the DMA reception channel of the transfer 
and communicates the end of the transfer via an unsolicited message to the I/O 
module. The stopping ensues at the I/O module by an erase instruction output by 
the bus controller to erase the corresponding DMA reception channel. 

When a DMA error occurs at the I/O module, the DMA channel is stopped 
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by the internal executive sequencer - as in the case of an error at the raster 
module -- and the corresponding status bits are set. Additionally, an unsolicited 
message is sent to the raster module, so that this stops the reception of the data 
message. Due to this message, the processor of the raster module forwards a stop 
5 instruction to the DMA controller and an erase instruction to the reception channel 
of the automatically requested message transfer. When the processor of the I/O 
module does not react to the DMA error, then the aforementioned fail-safe counter 
on the raster module runs down. Subsequently, the processor of the raster module 
must send an unsolicited message to the I/O module, so that the I/O module also 
1 0 ends the transfer. 

The aforementioned fail-safe counter of the raster module is provided for 
the reception of the data messages and is restarted every time after the reception 
of a data message of the type 3CH. It runs down when no further data message is 
received within the time that has been set. In this case, the processor of the raster 

1 5 module stops the DMA channel in the bus controller and the reception channel of 
the automatically requested message transfer is erased. Additionally, an 
unsolicited message is sent to the I/O module so that the I/O module can stop the 
automatic requested message transfer. A stop instruction for the DMA channel of 
the I/o module is thereby not necessary since this is undertaken by the internal 

2 0 executive sequences of the bus controller. 
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A running, automatic requested message transfer at the raster module can 
be aborted with an erase instruction at the corresponding reception channel. The 
instruction takes immediate effect. All data messages arriving thereafter are 
rejected by the bus controller with an error message "transfer not understood" that 
is known from the multibus. The termination of the reception channel of the 
DMA controller must likewise be implemented by the processor. 

A running, automatic requested message transfer is aborted or, 
respectively, arrested at the I/o module as a result of the following actions: 

a) An error has occurred at the databus. All errors come into consideration: 

• The repetition rate for a data message has reached the maximum 
value. 

• a bus error, bus timeout or an agent error occurred in the 
transmission of the data message. 

b) An error occurred in the DMA transmission. The following errors come 
into consideration: 

• parity error 

• page miss error 

• fatal error given a transfer via the internal computer bus (PCI bus). 

c) The processor aborts the running, automatic requested message transfer 
with a command. 
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In cases a} [ttO] and b), the automatic, requested message transfer is 
aborted by the internal controller of the bus controller due to the error. The 
internal controller reports the cause of the error by setting an ASOMERR bit in a 
message status register. When a corresponding interrupt is enabled in a message 
control register, then an interrupt is additionally generated. The processor of the 
I/O module can determine the cause of the error by reading out an ASOM status 
register allocated to the automatic, requested message transfer. Before an 
automatic, requested message transfer can be resumed, the processor of the I/O 
module must output a corresponding command (ASOMGO). 

The processor cannot abort an running, automatic requested message 
transfer at any time (see c). Dependent on the command employed, the automatic 
requested message transfer is still completely implemented or is immediately 
interrupted. It must be taken into consideration in the latter case that the raster 
module is waiting for the further arrival of data messages. A corresponding 
message is therefore sent from the I/O module to the raster module given an 
interruption of an automatically requested message transfer. 

For logging the automatic requested message transfer, the following 
options can be established at the I/O module: 

1 . Each automatic requested message transfer is forwarded to the processor 
of the I/O module. Which assembly requested an automatic requested 
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message transfer can thus be kept track of on the I/O module. 
2. A register is provided in the bus controller that contains the message ID of 
the assembly requesting the automatic requested message transfer. This 
register is set to the message ID at the beginning of the transfer and is in 
turn reset at the end. The register can be read out at any time by the 
processor. 

The invention has been set forth above on the basis of a control device for 
editing print data for a high-performance printer. The inventive control device is 
equally suited for any application wherein a large data stream must be processed. 
The I/O module, accordingly, can be considered in general as a transmitter 
assembly and the raster module can be considered as a receiver module, whereby 
the data are transmitted from the transmitter module to the receiver module. 

In the above-described exemplary embodiment, a databus is employed that 
is essentially compatible with the multibus. The invention, however, is not 
limited to this type of databus but can be designed for any parallel databus that is 
suitable for a multi-processor architecture. 

A DMA controller 10 integrated into the bus controller 9 is provided in the 
assemblies recited in the exemplary embodiment. 

In the framework of the invention, of course, the DMA controller 10 can 
also be arranged outside the bus controller 9 on the assembly. 
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The above-described data messages respectively transmit a data packet of 
32 bytes. The size of these data packets can be varied as needed and, for example, 
comprise 64 or 128 bytes. The data quantity transferred with an automatic 
requested message transfer can be fixed to any desired size of, for example, 4 KB, 

5 8KB, 16 KB or the like. 

The invention can be summarized in brief in the following way: 
It is directed to an electronic control device with a parallel databus and a plurality 
of assemblies connected to the databus. The assemblies respectively comprise a 
processor and a memory device and are connected to the databus with a bus 

0 controller. The data are transmitted between a transmitter assembly and a receiver 
assembly with messages. The data bus essentially corresponds to the 
MULTIBUS II. 

The invention is characterized in that the bus controller of the transmitter 
assembly is fashioned such that, without making use of the processor of the 
5 transmitter assembly, it reads data stored in the memory device of the transmitter 
assembly in response to a request message of the receiver assembly and sends 
them to the receiver assembly. 

As a result thereof, first, the processor of the transmitter assembly (I/O 
module) is relieved and, second, the communication between the transmitter 
D assembly and the receiver assembly (raster module) can be significantly lowered 
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and reduced to a single request message in the negotiation or, respectively, 
determination of the data transfer. The electronic control device is preferably 
fashioned for a control device for driving a high-performance printer. 

Although oth er modifications and changes mav be suggested bv those 
skilled in the art, it is the intention of the inventors to embody within the patent 
warranted hereon all c hanges and modifications as reasonably and properly come 
within the scone of their contribution to the art. 
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The claims have been amended as follows: 
We claim: [ Claims ] 

1. (Amended) An electronic [ Electronic ] control device , comprising: [wife] 
a parallel databus; [ (5) and ] 

a plurality of assemblies [(8)] connected to said parallel [the] databus . said 

plurality of assemblies each including: [ (5) that respectively compris e] 

a processor [(44)], 

a memory device; [ (12) and ] 

a DMA controller; [ (10) and that arc connected to the databus (5) with ] 
a bus controller connecting said plurality of assemblies to said parallel databus 
such that [ (9), whereby ] data are transmitted between a transmitter 
assembly of said plur ality of assemblies and a receiver assembly of said 
plurality of assemblies with messages, [ whereby ] the bus controller [(9)] 
of the transmitter assembly being [is] fashioned such that the transmitter 
assembly [ , in response to a request message of the receiver assembly ? it ] 
programs the DMA controller to read out data stored in the memory device 
[^"2)] of the transmitter assembly and to send them to the receiver 
assembly in respons e to a request message of the receiver assembly [,] 
without making use of the processor [(H)] of the transmitter assembly. 



2. (Amended) An electronic [ Electronic ] control device according to claim 
1 ? wherein [ characterized in that ] the DMA controller [(W)] is integrated into the 
bus controller [(9)] of the transmitter assembly. 

3. (Amended) An electronic [ Electronic ] control device according to claim 
1, wherein [ or 2, whereby ] the databus [(5)] is a data bus compatible with [the] 
MULTIBUS II. 

4. (Amended) An electronic [ Electronic ] control device according to claim 
[ one of the claims ] 1 , wherein [ through 3, characterized in that ] the receiver 
assembly includes [ comprises ] a fail-safe counter for monitoring [the] message 
transfer that is restarted upon reception of a data message. 

5. (Amended) A method [ Method ] for operating [ the operation of ] an 
electronic device, [ whereby ] the electronic control device including [ comprises ] a 
parallel databus [(5)] and a plurality of assemblies [(2)] connected to the databus 
that are respectively provided with a processor [(H)] and a memory device [(13)] 
and are connected to the databus [(5)] with a bus controller [(9)], comprising the 
steps of: [ whereby ] 

transmitting data [ arc transmitted ] between a transmitter assembly and a receiver 
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assembly with messages; [ , and the receiver assembly initiates ] 
initiating a data transfer by sending a request message from the receiver assembly 

to the transmitter modul e; and [ , and the bus controller (9) of the 

transmitter assembly, without making use of the processor of the 

transmitter assembly, transmits ] 
transmitting data stored in the memory device [(12)] of the transmitter assembly 

to the receiver assembly in response to the request message without 

making use of the proce ssor of the transmitter assembly from the bus 

controller of the transmitter assembly . 

6. (Amended) A method [ Method ] according to claim 5, further 
comprising the step of: [whereby] 
utilizing a control device having 

a parallel databus: 

a plurality of assemblies c onnected to said parallel databus. said plurality 

of assemblies each including: 

a processor. 

a memory device: 

a DMA controller; 
a bus controller connectin g said plurality of assemblies to said parallel 
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databus such that d ata are transmitted between a transmitter 
assembly of said pl urality of assemblies and a receiver assembly of 
said plurality of asse mblies with messages, the bus controller of the 
transmitter assembl y being fashioned such that the transmitter 
5 assembly programs the DMA controller to read out data stored in 

the memory device of the transmitter assembly and to send them to 
the receiver assembly i n response to a request message of the 
receiver a ssembly without making use of the processor of the 
transmitter assembly [ according to one of the claims 1 through 4 is 
!0 employed ], 

7. (Amended) A method [ Method ] according to claim 5 . further 
comprising the step of: [or 6, whereby, following the reception of a request 
message, the bus controller (9) of the transmitter assembly sends] 

sending a plurality of data messages respectively containing a data packet to the 
1 5 receiver assembly from the bus controller of the transmitter assembly 

following rece ption of a request message . 

8. (Amended) A method [ Method ] according to claim [ one of the claims ] 
5, further c omprising the step of: [through 7, whereby] 
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transmitting information for programming a DMA controller [(W)] arranged at 
the transmitter assembly for reading and sending the data stored in the 
memory device [(13)] of the transmitter assembly [ arc transmitted ] with 
the request message . 

9. (Amended) A method [ Method ] according to claim [one of the claims] 
5 . further c omprising the step of: [ through fi 3 whp.rr.hy ] 

programming a DMA controller [ (W)] arranged on the transmitter assembly [is 
programmed ] by the bus controller [(9)] on a [the] basis of data 
communicated with the request message, being progra mmed to read and 
transmit the data stored in the memory device [(13)] of the transmitter 
assembly. 

10. (Amended) Ajnethod [Method] according to claim [one of the 
claims] 5. further co mprising the steps of: [through 9, whereby] 
programming a DMA controller [(10)] arranged on the receiver assembly [is 

programmed] for [the] reception of the data with the transmission of the 
request message. 



1 1 . (Amended) A method [Method] according to claim [one of the claims] 
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5 , further comprising the step of: [through 10, whereby] 
transmitting the data [are transmitted] with a plurality of messages that 
respectively contain a data packet. 

12. (Amended) A method [ Method ] according to claim [ one of the claims ] 
5, further comprising the step of: [ through 11, whereby the transmitter assembly 
comprises a buffer wherein ] 

providing an entry in a buffer of the transmitter is provided for each assembly 

present in the control device, so that the parameters characterizing the data 
transfer are written into the respectively entry and stored during a data 
transfer and are erased after the conclusion of the data transfer. 

13. (Amended) A method [ Method ] according to claim 12, [ whereby, ] 
upon reception of a request message, checking bv the bus controller of the 

transmitter assembly [ checks ] whether the entry of the buffer allocated to 
the assembly sending the request message is already written with data 
characterizing a data transfer in order to prevent two data transfers from 
being simultaneously initiated with the same receiver assembly. 



14. (Amended) A control [ Control ] device for editing print data for a high- 
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performance printer, comprising; 
a parallel databus; 

a plurality of assembli es connected to said parallel databus. said plurality of 
assemblies each including: 
5 a processor. 

a memory device; 
a DMA controller: 

a bus controller connecting said plurality of assemblies to said parallel databus 
such that data are transmitted between a transmitter assembly of said 

0 plurality o f assemblies and a receiver assembly of said plurality of 

assemblies with m essages, the bus controller of the transmitter assembly 
being fashioned s uch that the transmitter assembly programs the DMA 
controller to read out data stored in the memory device of the transmitter 
assembly and to se nd them to the receiver assembly in response to a 

5 request message of th e receiver assembly without making use of the 

processor of the transm itter assembly [ the features of one of the claims 1 
through 4 ? whereby ] the transmitter assembly forming [ forms ] an I/O 
module [(2)] and a plurality of receiver modules that respectively form a 
raster module [ (3) arc provided ]. 
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The Abstract has been amended as follows: 

ABSTRACT OF THE DISCLOSURE 
An electronic control device with a parallel databus and a plurality of 
assemblies connected to the databus. The assemblies each include a processor and 
a memory device and are connected to the databus with a bus controller. The data 
are transmitted betw een a transmitter assembly and a receiver assembly with 
me ssages. The data bus essentially corresponds to the MULTIBUS II. The bus 
controller of the transmitter assembl y is fashioned such that, without making 
of the processor of the transmitter assembly, it reads data stored in the memory 
device of the transmitter assembly in response to a request message of the receiver 
assembly and sends them to the receiver assembly. 
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JELECI^QNICCO N DEVICE WITH A PARALLEL DATABUS AND A 

^METHOD FOR THE OPERATION OF THE CONTROL DEVICE 

The invention is directed to a control device with a parallel databus and to 
a method for the operation of the control device. 

The invention is particularly directed to an electronic control device that 
must process a large data stream such as, for example, a control device for editing 
print data for a high-performance printer. 

A control device called an "SRA controller" (SRA: Scalable raster 
architecture) is described in "Das Druckbuch - Technik und Technologie der 
Hochleistungsdrucker von Oce Printing Systems GmbH ~ DrucktechnologierC\ 
Edition 3c, May 1998, ISBN 3-00-001 01 9-X. 

The structure of this known control device is schematically shown in 
Figure 1 . Such a control device 1 comprises an I/O module 2, one or more raster 
modules 3 and a serializer module 4. The individual modules 2 through 4 are 
connected to one another via a parallel databus 5. The raster modules 3 and the 
serializer module 4 are connected to one another via a further pixel bus 6. A high- 
performance printer 7 is connected to the serializer module 4. 

The I/O module receives the print information from a computer device 
that can be a large computer system or a computer network as well. The print 
information is forwarded from the I/O module 2 to the raster modules 3 and the 
serializer module 4, whereby the raster modules 3 receive the print image information 
and convert it into a print image data stream that can be processed by the high- 
performance printer 7. These print image data streams are transmitted from the raster 
modules 3 via the pixel bus 6 to the serializer module 4, which forwards the data 
streams queued in a specific sequence and to the high-performance printer 7. 

For example, the databus is a Multibus II (Multibus is a registered 
trademark of Intel Corp.). The Multibus II is a synchronized bus that is defined in 
IEEE Standard for a High-Performance Synchronous 32-Bit Bus: MULTIBUS II, The 
Institute of Electrical and Electronics Engineers, Inc., 345 East 47 th Street, NY 10017, 
USA, 1988. Below, the "MULTIBUS II" is simply referred to as "multibus". 



The modules 2 through 4 of the control device 1 are respectively provided 
with a processor. An inter-processor communication ensues with a message transfer 
given systems based on the multibus, whereby messages with data packets having a 
predetermined length are communicated for the transfer of data. 

There are two kinds of these messages given the multibus, namely what 
are referred to as unsolicited messages and solicited messages. The unsolicited 
messages can be view as "intelligent interrupts", whereby up to 255 interrupt sources 
(the number of valid addresses) can send an unsolicited message. 28 bytes of status 
information can be transmitted with an unsolicited message. 

The properties of an unsolicited message are that their arrival cannot be 
predicted by the receiver, whereby the transmission modalities (transmission rate, data 
quantity, ...) are first negotiated with unsolicited messages (buffer request message, 
buffer grant message and buffer reject message). 

A data transfer from the I/O module 2 to the raster modules 3 via the 
databus 5 is shown in a flowchart in Figure 2. The actions that occur at the I/O 
module are thereby shown at the left side, and the actions that are executed at the 
raster module 3 are shown at the right side. 

In step SI, the I/O module 2 sends a message to the raster module 3 that 
data are present. This message is generated by the processor of the I/O module. In 
response thereto, the raster module sends a corresponding message in step S2 if it 
needs data. This message is triggered by the processor of the raster module 2 [sic]. 
When the I/O module 2 has received this message, the processor programs a DMA 
controller of the I/O module to send the requested data to the raster module and sends 
a buffer request message to the raster module (step S3). When the raster module can 
accept these data, its processor programs a DMA controller for the reception of the 
data and sends a buffer grant message to the I/O module (step S4). 

The "negotiations" are ended with the reception of the buffer grant 
message by the I/O module, and the I/O module sends a data message containing a 
data packet to the raster module (step S5). Such a data message is transmitted until all 
data have been communicated to the raster module, whereby this is checked in a step 
S6. 



When all data have been sent to the raster module, then the data transfer is 

ended (S7). 

The steps S2 through S6 form a solicited message (broken-line frame), 
whereby the negotiation (S2 through S4) with which the data are requested is 
implemented with unsolicited messages. The individual messages of the steps S2 
through S4 are respectively generated by the processors of the modules 2, 3. 

The above-described interprocessor communication with a message 
transfer is described under the heading "Message Passing" in F. Mayer et al., 
"Message Passing-Protokolle in einem verteilten heterogenen Multibus-II- 
Mehrrechnersystem" Automatisierungstechnische Praxis - ATP DE, Oldenburg 
Verlag, Munich, Volume 37, No. 12, pages 42-44, 46-50, XP000542307, ISSN; 0178- 
2320. 

WO-A-9 1/0605 8 discloses a memory and data bank system for storing 
documents in the form of image data that comprises a memory processor unit 
connected to a databus that works according to the Multibus II protocol and, 
accordingly, implements the above-described method steps SI through S7 in the data 
transfer. This memory processor unit is provided with an ADMA controller that, 
following the negotiation phase (steps S2 through S4), automatically implements the 
transmission of the messages (steps S5 and S6). 

What are referred to as DMA controllers are known for controlling the 
read-in and output of memory signals. Their typical structure and functioning are 
described, for example, in Tietze, Schenk, "Halbleiter-Schaltungstechnik", Springer- 
Verlag (1985), pages 672-675. Typical applications and functions of DMA 
controllers are cited in Messmer, "PC-hardware", Addison- Wesley, 3 rd Edition (1995), 
pages 515-516. 

DE-T2-38 52 378 discloses a mechanism and a method for opposite flow 
control in a bus system, whereby the bus system is controlled with a bus 
administrator. In this known bus system, specific bus messages are employed in order 
to inform a process executing on a bus unit about a result or about an unanticipated 
input of another bus unit. The bus unit that receives the message knows immediately 
to where the message must be forwarded, instead of having to derive where the 
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message is to be forwarded from the sender. The uninterrupted process need not 
return to the sender of the message in order to determine what is to be done. Since 
this message contains a report about what is to be done, little time is wasted 
5 determining the reason for sending the message. 

A plurality of bus units can thus quickly addressed with this bus system 
and their processing status can be immediately modified. 

The invention is based on the object of creating of developing [sic] a 
control device that comprises a parallel databus and a plurality of assemblies 
1 0 respectively provided with a processor that can communicate over the databus such 

that a large data stream can be more quickly and efficiently processed. Another object 
of the invention is comprised in creating a method for operating such a control device 



with which a large data stream can be simply and efficiently governed in the control 
device. 

The object is achieved by a device having the features of claim 1 and by a 
method having the features of claim 6. Advantageous developments of the invention 
are recited in the subclaims. 

The inventive electronic control device is provided with a parallel databus 
and a plurality of assemblies connected to the databus that respectively comprise a 
processor and a memory device and are connected to the databus bus with a bus 
controller, whereby data are transmitted between a transmitter assembly and a receiver 
assembly with messages. The invention is characterized in that the bus controller of 
the transmitter .assembly is fashioned such that, without making use of the processor 
of the transmitter assembly, it reads data stored in the memory device of the 
transmitter assembly in response to a request message of the receiver assembly and 
transmits them to the receiver assembly. The receiver assembly thus triggers an 
automatic transmission of the data at the transmitter assembly on the basis of its 
request message. This leads to a considerable unburdening of the transmitter 
assembly since the data can be directly read with a DMA controller significantly 
faster and more efficiently, and the processor is not occupied long by such a data 
transmission. Moreover, the initially described "negotiation", which comprises three 
message transmissions given the traditional multibus (see Figure 2), is reduced to the 
transmission of a single request message, as a result whereof a further simplification 
and acceleration of the transmission procedure is achieved. 

The method for the operation of such an electronic control device recited 
in claim 6 is characterized in that the receiver assembly initiates a data transfer by 
sending the request message to the transmitter assembly, and the bus controller of the 
transmitter assembly, without making use of the processor of the transmitter 
assembly, reads data stored in the memory device of the transmitter assembly in 
response to the request message and transmits them to the receiver assembly. As a 
result thereof, a large data stream can be quickly and efficiently transmitted from the 
transmitter assembly to the receiver assembly, so that the control device can govern a 
large data stream. 



In a preferred embodiment of the invention, the data needed for 
programming a DMA controller arranged on the transmitter assembly are 
communicated from the receiver assembly to the transmitter assembly by means of 
the request message. With the request message, thus, the receiver assembly controls 
5 the data transmission from the transmitter assembly. 

With the inventive method, the individual receiver assemblies can 
independently and simultaneously fetch the data they want from the transmitter 
assembly. As a result of the automatic processing of the request messages in the 
transmitter assembly, this can make the data available very fast. The simplification of 
1 0 the transmission protocol effects a further speed-up of the transmission procedure. 

The invention is explained in greater detail below on the basis of an 
exemplary embodiment shown in the drawings. Shown schematically are: 
Figure 1 the fundamental structure of a control device for editing print data for a 

high-performance printer in a block circuit diagram; 
1 5 Figure 2 a flowchart of a data transfer according to a transmission method known 

from the multibus; 
Figure 3 two assemblies connected via a databus; 
Figure 4 the inventive data transfer in a flowchart; 
Figure 5 the structure of a request message in a block circuit diagram; 
2 0 Figure 6 the structure of a data message in a block circuit diagram; 

Figure 7 the structure of an entry in a buffer provided at the transmitter assembly in 

a block circuit diagram. 

The invention is explained on the basis of an exemplary embodiment of an 
electronic control device 1 for controlling a high-performance printer that has the 

2 5 same structure as the known control device shown in Figure 1 and that is provided 

with an I/O module 2, one or more raster modules 3 and a serializer module 4. The 
individual modules 2 through 4 are connected to one another via a parallel databus 5, 
The raster modules 3 and the serializer module 4 are connected to one another via a 
further pixel bus 6. The high-performance printer 7 is connected to the serializer 

3 0 module 4. 



The databus 5 is a development of the multibus and is essentially 
compatible therewith. 

The modules 2 through 4 respectively represent an assembly 8 connected 
to the databus. Two such assembly [sic] 8, namely the I/O module 2 and the raster 
module 4 [sic], are schematically shown in Figure 3. 

The assemblies 8 respectively comprise a bus controller 9 that are [sic] 
provided with an internal DMA controller 10 integrated into the bus controller 9. The 
assemblies respectively have a processor 1 1 and memory devices 12 that are 
connected to one another and to the bus controller 9 with an internal computer bus 13. 
The assemblies 8 comprise further elements such as, for example, components and 
lines for further interfaces and the like that, however, are not shown in Figure 3 for 
reasons of simplification. 

The inventive, automatic requested message transfer is explained below on 
the basis of the flowchart shown in Figure 4. The actions that occur at the I/O module 
2 are thereby again shown at the left aside, and the actions that are implemented at the 
raster module 3 are shown at the right side. 

During the step SI, the I/O module 2 sends a message to a raster module 3 
that data are present. This message is generated by the processor of the I/O module 
and corresponds to the step Si according to the known method shown in Figure 2. 

In response thereto, the raster module 3 checks in a step S8 whether it 
needs the data offered by the I/O module 2 and whether there is enough memory 
space for the acceptance of the data. This check is carried out by the processor 1 1 of 
the raster module 3. 

When these data are not present, the processor 11 - in a step S9 - 
programs the DMA controller 10 in the bus controller 9 for the reception of a data 
packet and write a data request message into the bus controller 9. The data request 
message contains the address of the data in the memory of the I/o module 2, the 
plurality of data bytes that are to be transmitted, and what is referred to as a duty cycle 
for the transmission of the requested messages. The duty cycle defines the spacing in 
which the requested messages are sent via the data bus 5. Over and above this, further 
data can also be contained in the data request message that define the respective data 



transfer in greater detail. The structure of this data request message is shown in 
Figure 5. The data request message represents an unsolicited message. The message 
type has the value 02H. 

During the step S10, the bus controller 9 of the raster module 3 sends this 
5 data request message to the I/O module 2 via the databus 5. 

Based on the criterion of the data (address of the data in the memory of the 
I/O module, plurality of data bytes, duty cycle, etc.) contained in the data request 
message, the bus controller 9 of the I/O module 2 programs its DMA controller 10 
with the address and the plurality of bytes of a data message to be transmitted (step 
10 Sll). 

The structure of such a data message is shown in Figure 6. A data 
message comprises a source address and a destination address, whereby the 
occupancy of the data request message is valid therefor, so that the source address is 
the address of the receiver assembly and the destination address is the address of the 
15 transmitter assembly. Two types of data message are provided, namely the type 3CH 
and the type 3DH, whose significance shall be explained later. A data packet with 32 
bytes (byte 0 through byte 31) can be transmitted with the data message shown in 
Figure 6. 

For sending the data message shown in Figure 6, the bus controller starts 
2 0 the DMA controller 10 in step S12 and packs the data communicated from the DMA 
controller 10 to the bus controller 9 into a data packet. The data packets [sic] is 
transmitted from the I/O module 2 to the raster module 3 with a data message via the 
databus 5. 

A check is carried out in step S 13 as to whether all data have already been 

2 5 transmitted. When further data have to be transmitted, then the program runs returns 

to the step SI 2, as a result whereof the next data message is transmitted. This 
procedure is repeated until all data have been transmitted in packets from the I/O 
module to the raster module. All of the data messages except the last data message 
that are thereby employed are of the type 3CH. The last data message is of the type 

3 0 3DH. the data transfer has been ended with the transmission of all data packets (step 

S14). Due to the reception of the data message of the type 3DH, an interrupt is 
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triggered at the raster module 3 that indicates to the processor of the raster module 3 
that the requested data transfer has been ended. A message to the processor of the I/O 
module 2 only ensues when an error has occurred in the transmission of the data. 

The steps S8 through S14 forms the automatic requested message transfer 
5 (broken-line frame). This automatically requested message transfer comprises only 
one unsolicited message, namely the data request message of the step S10, and the 
solicited data messages of the step S14. Compared to the solicited messages of the 
known multibus, the number of unsolicited messages is reduced from 3 th 1. A 
significant unburdening at the databus 5 is thereby achieved. 

10 A defined data quantity of, for example, 4 KB is transmitted with such an 

automatic requested message transfer. 

A buffer is provided in the bus controller 9 of the I/O module 2 wherein 
the parameters of the automatically requested message transfers can be deposited. 
One entry is provided in this buffer for each assembly 8 that can function as receiver 

1 5 assembly 3. In the present exemplary embodiment, the buffer comprises 21 entries. 
The parameters contained in the entries are (Figure 7): 



1 . source and destination address for the automatic requested message 
transfer, 

2. duty cycle for the data packets, 

2 0 3. DMA address of the data in the memory device, and 

4. plurality of data bytes. 

Upon reception of a request message, the bus controller 9 of the I/O 



module can check whether the entry of the buffer allocated to the raster module 3 
sending the request message is already described with data characterizing a data 

2 5 transfer. When the data of another automatically requested message transfer are 

already contained in the entry, an error message can be output and the request 
message can be rejected in order to prevent two message transfers from being 
simultaneously initiated with the same raster module. 

The bus controller 9 sees to it that the request messages are processed in 

3 0 the sequence of their arrival. This assures that each raster module has a turn. 



9 

Given an occupied entry in the buffer or given an occupied input buffer 
wherein the arriving messages are intermediately stored, the request message is 
rejected with the error message NACK. The request message is subsequently 
repeated until it can either be processed or the number of repetitions defined in the 
5 protocol has been reached. When the data messages cannot be received by the raster 
module 3, the error NACk is also output and they are repeated until they can be 
accepted or until the defined plurality of repetitions has been reached. 

When a raster module has initiated an automatic requested message 
transfer and sends further data request messages during its own transfer, then these 
1 0 messages are not transmitted. Instead, a transmit error is reported. Upon readout of 
the rejected unsolicited message from an error FIFO known by the multibus, a "no 
resource" bit is set. 

When a DMA error occurs during the reception of the data at the raster 
module 3, then a corresponding status bit is set in the DMA controller 10 of the bus 
1 5 controller 9 and the DMA controller ends the transfer on its own. When no 

immediate actions are triggered at the processor as a result thereof, then the following 
executive sequence derives: 

An internal buffer of the raster module 3 for the reception of the data 
messages fills up. The raster module therefore rejects further data messages. The bus 
2 0 controller of the I/O module repeats a rejected data message for a maximum of 127 
times and then ends the data transfer on its own. The bus controller 9 of the I/O 
module subsequently reports the situation to its processor. 

In addition, an internal fail-safe counter runs down at the raster module, 
this being always set to its start value by the reception of a data message. The 

2 5 rundown of the counter is communicated to the processor of the raster module, which 

subsequently implements an error recovery known from the multibus. 

In a preferred embodiment of the invention for accelerating the above 
executive sequence at the side of the raster module (the fail-safe counter runs down in 
approximately 2 seconds), the processor of the raster module can already react to the 

3 0 DMA error in that it stops the DMA reception channel of the transfer and 

communicates the end of the transfer via an unsolicited message to the I/O module. 
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The stopping ensues at the I/O module by an erase instruction output by the bus 
controller to erase the corresponding DMA reception channel. 

When a DMA error occurs at the I/O module, the DMA channel is stopped 
by the internal executive sequencer -- as in the case of an error at the raster module — 
5 and the corresponding status bits are set. Additionally, an unsolicited message is sent 
to the raster module, so that this stops the reception of the data message. Due to this 
message, the processor of the raster module forwards a stop instruction to the DMA 
controller and an erase instruction to the reception channel of the automatically 
requested message transfer. When the processor of the I/O module does not react to 

1 0 the DMA error, then the aforementioned fail-safe counter on the raster module runs 
down. Subsequently, the processor of the raster module must send an unsolicited 
message to the I/O module, so that the I/O module also ends the transfer. 

The aforementioned fail-safe counter of the raster module is provided for 
the reception of the data messages and is restarted every time after the reception of a 

1 5 data message of the type 3CH. It runs down when no further data message is received 
within the time that has been set. In this case, the processor of the raster module stops 
the DMA channel in the bus controller and the reception channel of the automatically 
requested message transfer is erased. Additionally, an unsolicited message is sent to 
the I/O module so that the I/O module can stop the automatic requested message 

2 0 transfer. A stop instruction for the DMA channel of the I/o module is thereby not 
necessary since this is undertaken by the internal executive sequences of the bus 
controller. 

A running, automatic requested message transfer at the raster module can 
be aborted with an erase instruction at the corresponding reception channel. The 

2 5 instruction takes immediate effect. All data messages arriving thereafter are rejected 

by the bus controller with an error message "transfer not understood" that is known 
from the multibus. The termination of the reception channel of the DMA controller 
must likewise be implemented by the processor. 

A running, automatic requested message transfer is aborted or, 

3 0 respectively, arrested at the I/o module as a result of the following actions: 

a) An error has occurred at the databus. All errors come into consideration: 
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The repetition rate for a data message has reached the maximum 
value. 

a bus error, bus timeout or an agent error occurred in the 
transmission of the data message. 
5 b) An error occurred in the DMA transmission. The following errors come 

into consideration: 
parity error 
page miss error 

fatal error given a transfer via the internal computer bus (PCI bus). 
10 c) The processor aborts the running, automatic requested message transfer 

with a command. 

In cases aO and b), the automatic, requested message transfer is aborted by 
the internal controller of the bus controller due to the error. The internal controller 
reports the cause of the error by setting an ASOMERR bit in a message status register, 

1 5 When a corresponding interrupt is enabled in a message control register, then an 

interrupt is additionally generated. The processor of the I/O module can determine 
the cause of the error by reading out an ASOM status register allocated to the 
automatic, requested message transfer. Before an automatic, requested message 
transfer can be resumed, the processor of the I/O module must output a corresponding 

2 0 command (ASOMGO). 

The processor cannot abort an running, automatic requested message 
transfer at any time (see c). Dependent on the command employed, the automatic 
requested message transfer is still completely implemented or is immediately 
interrupted. It must be taken into consideration in the latter case that the raster 

2 5 module is waiting for the further arrival of data messages. A corresponding message 
is therefore sent from the I/O module to the raster module given an interruption of an 
automatically requested message transfer. 

For logging the automatic requested message transfer, the following 
options can be established at the I/O module: 
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1 . Each automatic requested message transfer is forwarded to the processor 
of the I/O module. Which assembly requested an automatic requested 
message transfer can thus be kept track of on the I/O module. 

2, A register is provided in the bus controller that contains the message ID of 
5 the assembly requesting the automatic requested message transfer. This 

register is set to the message ID at the beginning of the transfer and is in 
turn reset at the end. The register can be read out at any time by the 
processor. 

The invention has been set forth above on the basis of a control device for 
1 0 editing print data for a high-performance printer. The inventive control device is 

equally suited for any application wherein a large data stream must be processed. The 
I/O module, accordingly, can be considered in general as a transmitter assembly and 
the raster module can be considered as a receiver module, whereby the data are 
transmitted from the transmitter module to the receiver module. 
15 In the above-described exemplary embodiment, a databus is employed that 

is essentially compatible with the multibus. The invention, however, is not limited to 
this type of databus but can be designed for any parallel databus that is suitable for a 
multi -processor architecture. 

A DMA controller 10 integrated into the bus controller 9 is provided in the 
2 0 assemblies recited in the exemplary embodiment. 

In the framework of the invention, of course, the DMA controller 10 can 
also be arranged outside the bus controller 9 on the assembly. 

The above-described data messages respectively transmit a data packet of 
32 bytes. The size of these data packets can be varied as needed and, for example, 

2 5 comprise 64 or 128 bytes. The data quantity transferred with an automatic requested 

message transfer can be fixed to any desired size of, for example, 4 KB, 8 KB, 16 KB 
or the like. 

The invention can be summarized in brief in the following way: 
It is directed to an electronic control device with a parallel databus and a plurality of 

3 0 assemblies connected to the databus. The assemblies respectively comprise a 

processor and a memory device and are connected to the databus with a bus 
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controller. The data are transmitted between a transmitter assembly and a receiver 
assembly with messages. The data bus essentially corresponds to the MULTIBUS II. 

The invention is characterized in that the bus controller of the transmitter 
assembly is fashioned such that, without making use of the processor of the 
transmitter assembly, it reads data stored in the memory device of the transmitter 
assembly in response to a request message of the receiver assembly and sends them to 
the receiver assembly. 

As a result thereof, first, the processor of the transmitter assembly (I/O 
module) is relieved and, second, the communication between the transmitter assembly 
and the receiver assembly (raster module) can be significantly lowered and reduced to 
a single request message in the negotiation or, respectively, determination of the data 
transfer. The electronic control device is preferably fashioned for a control device for 
driving a high-performance printer. 
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Claims 

1. Electronic control device with a parallel databus (5) and 

a plurality of assemblies (8) connected to the databus (5) that respectively comprise a 
processor (1 1), a memory device (12) and a DMA controller (10) and that are 
5 connected to the databus (5) with a bus controller (9), whereby data are transmitted 
between a transmitter assembly and a receiver assembly with messages, 
whereby the bus controller (9) of the transmitter assembly is fashioned such that, in 
response to a request message of the receiver assembly, it programs the DMA 
controller to read out data stored in the memory device (12) of the transmitter 
1 0 assembly and to send them to the transmitter assembly, without making use of the 
processor (1 1) of the transmitter assembly. 

2. Electronic control device according to claim 1, characterized in that the 
DMA controller (10) is integrated into the bus controller (9) of the transmitter 
assembly. 

15 3. Electronic control device according to claim 1 or 2, whereby the 

databus (5) is a data bus compatible with the MULTIBUS II. 

4. Electronic control device according to one of the claims 1 through 3, 
characterized in that the receiver assembly comprises a fail-safe counter for 
monitoring the message transfer that is restarted upon reception of a data message. 

20 5. Method for the operation of an electronic device, whereby the electronic 

control device comprises a parallel databus (5) and a plurality of assemblies (2) 
connected to the databus that are respectively provided with a processor (11) and a 
memory device (12) and are connected to the databus (5) with a bus controller (9), 
whereby data are transmitted between a transmitter assembly and a receiver assembly 

2 5 with messages, and the receiver assembly initiates a data transfer by sending a request 

message to the transmitter module, and the bus controller (9) of the transmitter 
assembly, without making use of the processor of the transmitter assembly, transmits 
data stored in the memory device (12) of the transmitter assembly to the receiver 
assembly in response to the request message. 

3 0 6. Method according to claim 5, whereby a control device according to 

one of the claims 1 through 5 is employed. 



16 

7. Method according to claim 5 or 6, whereby, following the reception of a 
request message, the bus controller (9) of the transmitter assembly sends a plurality of 
data messages respectively containing a data packet to the receiver assembly. 

8. Method according to one of the claims 5 through 7, whereby 
information for programming a DMA controller (10) arranged at the transmitter 
assembly for reading and sending the data stored in the memory device (12) of the 
transmitter assembly are transmitted with the request message . 

9. Method according to one of the claims 5 through 8, whereby a DMA 
controller (10) arranged on the transmitter assembly is programmed by the bus 
controller (9) on the basis of data communicated with the request message, being 
program to read and transmit the data stored in the memory device (12) of the 
transmitter assembly. 

10. Method according to one of the claims 5 through 9, whereby a DMA 
controller (10) arranged on the receiver assembly is programmed for the reception of 
the data with the transmission of the request message. 

1 1 . Method according to one of the claims 5 through 10, whereby the data 
are transmitted with a plurality of messages that respectively contain a data packet. 

12. Method according to one of the claims 5 through 1 1, whereby the 
transmitter assembly comprises a buffer wherein an entry is provided for each 
assembly present in the control device, so that the parameters characterizing the data 
transfer are written into the respectively entry and stored during a data transfer and are 
erased after the conclusion of the data transfer. 

13. Method according to claim 12, whereby, upon reception of a request 
message, the bus controller of the transmitter assembly checks whether the entry of 
the buffer allocated to the assembly sending the request message is already written 
with data characterizing a data transfer in order to prevent two data transfers from 
being simultaneously initiated with the same receiver assembly. 

14. Control device for editing print data for a high-performance printer, 
comprising the features of one of the claims 1 through 5, whereby the transmitter 
assembly forms an I/O module (2) and a plurality of receiver modules that 
respectively form a raster module (3) are provided. 
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erfcenne fch gemflss Absatz 37, Bundesgeselzbuch. 

fj Paragraph 1.56(a) main* Pflteht zur Offenbarung von 
Informetfonen an, die zwtachen dem AnmeWedatum 

ff derfrOheren Anmeldung und dam nationalan odar PCT 

yy Intematlonalen Anmeidedatum diaeer Anmeldung 

Q bekannt geworden sind. 



i hereby claim the benefit under Title 35 f United States 
Code. §120 of any United States appilcetian(s) listed 
below and, Insofar as the subject matter of each of the 
claims of this application is not disclosed In the prior 
United Stated application fn The manner provided by 
the first paragraph of Title 35, United States Coda, 
§122 I acknowledge tha duty to disclose material 
information aa defined In Title 37, Code of Federal 
Regulations. §1 .68(a) which occurred between the 
filing date of tha prior application and the national or 
PCT International fiJIns date of this application. 



(Application Serial No.) 
(Anmeldeaeiiennurnmer) 



(Filing Date) 
(Anmeldadatum) 



(Status) 

(patentiart, enhSnglg, 
eufgegeben) 



(Status) 

(patented, ponding, 
abandoned) 



(Application Serial No.) 
(Anmeldeseriannummer) 



(Filing Date) 
(Anmeidedatum) 



Jch erklSre hiermit. dase alia von mlr In der 
vorfiegenden EWHoing gemachten Angaben nach 
metnam beaten WEssen und Gawlesen der voiien 
Wahrhelt entsprechan, und dass Jch dies© 
eldesstattfiche Erklirung In Kenntnls dessen abgebe 
daes wissentlich und vorsatetleh falsche Angaben 
gemass Paragraph 1001, Absatz 18 der 
ZMiprozessordnung der Vereintglsn Staaten von 
Amerlka mit Oeldatrafa balegt und/oder GefSnqnis 
bealraft warden fcoennen, und dass derarfig wlssentlfch 
und vorafttzllcft falsehe Angaben die GUltigkeK der 
vorilegenden Patentanmeldung oder elnes darauf 
erteilten Patentee geffihrden kflnnen. 



(Statue) 

(patentiart, enhflngtg, 
auffeegeben) 



(Statue) 

(patented, pending, 
abandoned) 



I hereby declare that all statements made herein of my 
own knowledge are true and that all statements made 
on Information and belief are believed to be true, and 
further that these statements were made witn the 
knowledge that willful false statements and the like so 
mad* are punishabla by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States 
Code and that such wfltful falsa statements may 
jeopardize the validity of the application or any patent 
Issued thereon. 
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German Language Oeelsration 



VERTRETUNGSVOULMACHT; Ate bonannter Erfinder 
beauftrage Ich hlermlt den nachsfehend benannten 
Patentanwatt (odor die nachstehend benannten 
Patentanwllte) und/qder Patent^Aeenten mtt dar 
Verfoigung der vofflagenden Petentanmaldung sowie 
mrt der Abwicklung eller damlt verbundenen Gaacrtafte 
vor dern Patent- und warenzeichenamt; (Name und 
RegfstrBtJonsnummar anWhmn) 



POWER OF ATTORNEY; As a named Jnwentor, I 
hereby appoint the following attomay(s) and/or 
agent{s) to prosecute this application and transact aff 
business In the Patent and Trademark Office 
connected therewith, (list name and registration 
number} 



And I hereby appoint all Attorneys identified by United States Patent and Trademark Office customer number 
28574, who are all members of the firm of Schlff Hardlh and Waita 



Telefbngesprtche bitta rtchten an: 
(Name und Teleftmnummer) 



Direct Telephone Calls to: (name and telephone number) 
312/258-6785 



Postanschrift: 



Send Correspondence to: 

SCHIFF HARDIN ft WATTE 
Patent Department 
6800 Saara Tower. Chlesgo r Illinois 00606 

CUSTOMER NUMBER 26S74 





volier Nam* des olmlgf n odar uniprCngllBlMn Efflndiia: 

Hana-Dettef GROEGER 


Full name of $eto or ftm Inventor 


Uranmchrfft des Effinton Datum 


tmntafrefenatum Data 


Worms** ' 

^Pping, Germany 2)EX^ 


RsiMonop 


StaafwngehtttjHt 

German 


CMtaiBhlp 


Pastanschrin 

Anto n-Zwengauei^Weg 1 




D-86586 Poing, GERMANY 





(Bilte enesprechende Infbrmationen und UnferschrHten 
Im Palla von walteren MIterfindfem angeben). 



(Supply similar information and signature for 
subsequent joint inventors). 



Pago 3 of d 



11-ftPR 11:02 MI UON:OCE PRINTING PFiTENTE +49 8121 724902 
RPR. 9.2001 10:51fiM 



AN: SCHIFF HARD IN ( . SEITE:05 



%-oo 



*qUt Kama aas z*aften Mltefftadi* (fefls zuvmrfeftty 



FOR nan* of aund joint Invattar, IT any: 




Datum 



Dat* 



Webneitz 

Wdrth^ Germany 



German 



FostanaCrtHft 

Grafenwenderstrasse 4 



Post omen Address 



D-85457 WOrth, Germany 



VaTI* Name des drittan MHw^ndarB aittroifend); 



Pull namsef third Joint tnvantar, ffany: 



UntorsadltfR das Efflndw 



datum 



Inventors signature 



0*to 



WoNiste 



Rewienoa 



SfaatsanBghttriekeit 



Vofier Nam d«ft vteften Mtefflndera ffaJia ztfCMand): 



Full frame of fourth Joint tnwentqr, it any. 



UrrtareehrW daa Efflfldana 



Invsntoft algna&jra 



Date 



Wohnvtz 



MBtaanaBWgaaff 






PoalOlfaa Address 



(Btttw snfspreohainda »nfbrm«tlonen und Unterachrfftan 
Im Falle von rweiten und weltoren Mfterfindem 
angeben), 



(Supply similar information and signature for second 
and subsequent jalnt Inventors), 
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